Abstract 'Lingwu Long' jujube (Zizyphus jujuba cv. Mill) fruits were harvested at mature-green stages and then treated with 1.0 μL L −1 1-methylcyclopropene (1-MCP),
Introduction
'Lingwu Long' Jujube (Zizyphus jujuba cv. Mill) is considered to be a seasonal fruit and is a good source of various minerals and vitamins. This fruit has proven to be a native popular agricultural product that could bring local people more than 1,500,000 dollars each year. However, the ripening and senescence processes of this kind of fruit result in a reduced storage life and a decrease in quality parameters such as firmness, chlorophyll content and nutrients, the occurrence of decay and off-flavors (Valero et al. 2003) . Several pre-harvest and post-harvest applications have been used in order to reduce these undesirable changes (Bisen et al. 2011; Goutam et al. 2010; Mehta et al. 1985; Rezaee et al. 2011; Sabιr et al. 2011; Workneh et al. 2011) . Moreover, 'Lingwu Long' Jujube fruits are easily infected by Alternaria alternata (Fr.) Keissl and the postharvest disease incidence is up to 60%. Thus, there is a need to have alternative technologies to reduce the decay incidence and to decrease the undesirable physic-chemical changes during storage. In this sense, 1-methylcyclopropene (1-MCP) and calcium chloride treatments are considered to be powerful tools.
1-MCP, a strong inhibitor of ethylene perception, now is used extensively by fruit industries to maintain quality, acts at very low concentration for delaying fruit ripening and improving storage quality of many fruits and vegetables (DeEll et al. 2002; Feng et al. 2000; Golding et al. 1998; Ku and Wills 1999) . It is odorless, nontoxic and highly effective. It has also been commercially used to extend the storage life of horticultural products.
In recent years, calcium chloride has been widely used in the filed of food preservation. It could help maintain firmness and visual quality resulting in a longer shelf life of the fresh-cut products as well. Pre-harvest applications of calcium compounds and post-harvest dipping in calcium chloride solution have been used in order to prolong the storage life of fruits (Gupta et al. 2011; Mehta et al. 1985) .
The main objective of present research is to evaluate the potential effect of 1-MCP, calcium chloride, and their combination on storage life, biochemical changes, microbial growth and quality maintenance of 'Lingwu Long' Jujube fruit during storage at room temperature for 15 days.
Materials and methods
Fruit source, treatments and storage condition 'Lingwu Long' Jujube (Zizyphus jujuba cv. Mill) fruits used in the experiment were harvested at mature-green stages from a local orchard located in Lingwu, Ningxia Hui Nationality Autonomous Region. The fruits of regular shape and uniform size and color were selected, and the physical damaged ones were removed. Before experimental treatment, the fruits were sanitized in chlorinated water (200 μL L −1 ) for 2 min and then air-dried.
In preliminary experiments, three doses (0.5, 1.0 and 1.5 μL L −1 ) for 1-MCP (w/v; SmartFresh™, Rohm and Haas Co., Italy) and three concentrations (0.5%, 1.0% and 1.5%) for calcium chloride (w/v; Sigma-Aldrich) dipping treatments were investigated. The preliminary results showed that 1.0 μL L −1 of 1-MCP and 1.0% of calcium chloride dipping treatments were more effective than other concentrations to retain firmness, reduce decay and maintain quality of 'Lingwu Long' Jujube fruit. Thus, 1.0 μL L −1 of 1-MCP and 1.0% of calcium chloride solution were selected for current study. Fruits were placed inside an airtight chamber of 0.25 m 3 and treated with 1.0 μL L −1 1-MCP for 24 h at ambient temperature. Fruits were removed from the chamber after 1-MCP treatment. Then, half of the fruits were dipped in solution containing 1.0% calcium chloride for 2 min and then air-dried with a fan. Fruits were subjected to the same conditions with 0 μL L −1 of 1-MCP and then half of the fruits were treated with calcium chloride solution as described above. Fruit treatment with 0 μL L −1 of 1-MCP and without calcium chloride treatment was taken as control. After each treatment, all fruits were subsequently stored at room temperature (22±1°C) and 80-90% RH for assessment.
Storage life and firmness assessment
Storage life was estimated as described by Zhong and Xia (2007) . Firmness was measured using a TA-XT Plus texture analyzer with 2 mm in diameter for the needle-like probe (Stable Micro System, Scarsdale, NY). The penetration depth into the intact jujube fruit was 5 mm at the penetration rate of 1 mm s −1 . Firmness of 12 fruits per replicate was determined.
Ethylene production
Ethylene production was assayed according to the method of Ergun et al. (2007) with slight modifications. About 1 kg of fruit was sealed in a 2.5 L gas-tight container for 2 h, and 1 mL of headspace gas was withdrawn by means of a gastight hypodermic syringe and measured with a gas chromatography equipped with a flame ionization detector (FID) and a Poropak N column (Shimadzu GC-9A, Japan). Ethylene production was expressed as mL kg −1 h −1 . The headspace gas sample withdrawn from the same volume of container without fruit was taken as control. For ascorbic acid (AA) measurement, the frozen peel or flesh tissues were crushed into coarse pieces, and 10 g samples were homogenized with 100 mL of buffer (2% metaphosphoric acid containing 2 mmol L −1 EDTA) using a Waring commercial blender for 3 min. The slurry was centrifuged at 15,000g for 15 min at 4 •C. The AA concentration was evaluated according to the method of Rao and Ormrod (1995) . The concentration was expressed as mg per 100 g fresh weight.
Enzymes extraction and assay Polygalacturonase (PG) was extracted by the method of Pathak and Sanwal (1998) . All extractions were performed at 4°C. Tissue (2 g) from triplicate samples was homogenized in 10 mL of 0.2 mol L −1 acetic acid buffer (pH 6.0) and then centrifuged at 15,000g for 20 min. The supernatant was used for enzyme assay. PG activity was measured by the method of Zhong and Xia (2007) with slight modifications. The determination of PG activity was based on the hydrolytic release of galacturonic acid from polygalacturonic acid. The reaction mixture contained 0.3 mL of 1.0% (w/v) polygalacturonic acid in 40 mmol L −1 Na-acetate buffer (pH 4.6), 0.1 mL of crude enzyme and 1.9 mL of deionized water. It was incubated at 37°C for 1 h and the reaction was terminated by the addition of 1.5 mL of dinitrosalicylate reagent and immersion in a boiling water bath for 5 min. The final volume of the sample was adjusted to 25 mL with deionized water. Samples were then cooled to room temperature and the absorbance was measured at 540 nm. The released amount of galacturonic acid from polygalacturonic acid was obtained from the galacturonic acid standard curve. One unit of PG activity was defined as 1 mg of galacturonic acid released per 1 h. Boiled extracts were assayed as controls for the determination. Polyphenoloxidase (PPO) was extracted by the method of homogenizing 1 g of tissue in 0.1 mol L −1 potassium phosphate buffer (pH 7.0). The homogenate was centrifuged at 15,000g for 15 min at 4°C and the supernatant was used as the enzyme source. After native electrophoresis, the gel was equilibrated for 30 min in 0.1% pphenylene diamine in 0.1 mol L −1 potassium phosphate buffer (pH 7.0) followed by addition of 10 mmol L −1 catechol in the same buffer (Jayaraman et al. 1987 ).
Microbiological analysis
Change in the microbiological population was studied during storage, as described by Aguayo et al. (2006) . Random 10 g samples of jujube fruit were homogenized for 2 min in 10 mL of sterile buffered peptonewater (Difco, Sparks, MD), with a Seward 400 Lab Stomacher (Tekmar, Cincinnati, OH). Dilutions were made in 0.1% peptone water (Hardy Diagnostics, Santa Maria, CA) as needed for plating. The enumeration of particular microbial groups was performed by using the following media and culture conditions: Plate Count Agar (Difco, Sparks, MD) for mesophilic bacteria, incubated at 35°C for 2 days. Potato Dextrose Agar (Difco, Sparks, MD) with added streptomycin and acidified to pH 3.5 with 10% ltartaric acid (Fisher, Fair Lawn, NJ), incubated at 29°C for 2 and 5 days, respectively. All analyses were reported as log 10 cfu g −1 (colony forming units per gram of sample).
Statistical analysis
All experiments were replicated three times and data were analyzed using analysis of variance (ANOVA) with SAS statistical software. The least significant difference (LSD) was calculated to compare significant effects at 5% level and only significant differences were discussed unless stated otherwise. Time, treatment, and their interaction were considered the main factors.
Results and discussion

Storage life
Freshly harvested 'Lingwu Long' Jujube fruits were green and their senescence was indicated by chlorophyll loss. Thus, the storage life was defined as the time until the pericarp was uniformly loss of green. 'Lingwu Long' Jujube fruit treated with 1-MCP and/or CaCl 2 showed extended storage life through a delay in the loss of green color and onset of yellowing compared to the control one (Fig. 1) . The extension of storage life of 1-MCP+CaCl 2 treatment compared to control was the highest (128.6%), following by 1-MCP treatment (85.7%) and CaCl 2 treatment (57.1%).
Fruit firmness
The best treatment for getting good firmness retention of jujube fruits was 1-MCP plus CaCl 2 , ( Table 1) . The synergistic effect among 1-MCP plus CaCl 2 on firmness retention was similar to what has been reported for kiwifruit (Vilas-Boas and Kader 2001). Firmness was improved by the CaCl 2 treatment. Calcium dip has been used as firming agents to extend postharvest shelf life in whole and in fresh-cut fruit. Rosen and Kader (1989) found that the CaCl 2 treated slices of strawberries resulted in higher calcium content and they were firmer than water-dipped slices. Luna-Guzmań and Barrett (2000) also found CaCl 2 maintained the firmness throughout storage and less softness in kiwifruit slices dipped in 0.5 or 1.0% CaCl 2 was obtained by Agar et al. (1999) . Firming and resistance to softening resulting from addition of calcium have been attributed to the stabilization of membrane systems and the formation of Ca-pectates, which increase rigidity of the middle lamella and cell wall to increased resistance to polygalacturonase attack and to improve turgor pressure (Mignani et al. 1995) . In the present study, calcium chloride treatment alone played an important role in firmness that even increased after treatment, in particular from day 3 onwards (Table 1) . 1-MCP had no significant effect on firmness of jujube fruits in related to control (Table 1) . Mir et al. (2001) found that a given concentration of 1-MCP had less effect on apple firmness as storage temperature was lowered, and it was hypothesized that lower temperatures might lower the affinity of the binding site for 1-MCP. Mao et al. (2004) held whole seedless watermelon in 10.0 μL L −1 1-MCP and the fresh-cut cylinders obtained were rinsed with 2.0% CaCl 2 . These authors found that the combination of 1-MCP and CaCl 2 retarded the ripening process, as indicated by higher firmness and lower activities of lipolytic enzymes relative to the control. In contrast, Rupasinghe et al. (2005) showed that a post-cut dipping treatment of Nature Seal (6.0% calcium ascorbate) was much more effective than 1-MCP in maintaining firmness of 'Empire' and 'Crispin' apple slices. And an effective postharvest application of 1-MCP (0.3 μL L −1 for 24 h) was obtained which can delay the ripening of tomato fruits stored at higher temperatures of about 30 and 25°C (Paul et al. 2010 ).
Ethylene production C 2 H 4 production rates were similar among all treatments during the first 6 days at room temperature. Subsequently, the control and CaCl 2 treated fruits had higher C 2 H 4 production rates than fruits exposed to 1-MCP, with or without CaCl 2 dip (Fig. 2) . Aguayo et al. (2006) reported similar results. Lower ethylene production rate was (Bai et al. 2004 ).
Jiang and Joyce (2002) reported that ethylene production derived from 1-MCP-treated apple fruit remained suppressed after 5 and 10 days. In the present study, 'Lingwu Long' Jujube fruit was a typical of climacteric fruit. Ethylene starts a cascade of events leading to many interactive signaling and metabolic pathways for the progress of ripening in climacteric fruits. Work on climacteric fruit (such as banana) where fruits were treated with 1-MCP after various periods of application of propylene illustrated that ripening related processes once engaged with auto-induced or auto-catalytic ethylene production become partially independent of further ethylene action (Paul et al. 2011) . 1-MCP and/or CaCl 2 treatment delayed the onset of climacteric ethylene production in 'Lingwu Long' Jujube fruit. The magnitude of the ethylene was decreased by the application of 1-MCP (P< 0.05) and the suppressed duration of ethylene was much longer than those without 1-MCP treatment (Fig. 2) .
TSS, TA, AA contents
In general, TSS, TA and AA decreased with time of storage ranging from 34.0 to 25.4%, 0.38 to 0.11 g malic acid and 408.8 to 155.2 mg per 100 g fresh weight, respectively. 1-MCP or CaCl 2 treatment did not affect TSS but there was a significant influence on TA and AA; 1-MCP plus CaCl 2 treatment showed a higher TA and AA than other treatments, particularly control (Table 1 ). The AA loss during storage is known to be due to its antioxidant activity especially under postharvest storage conditions. The beneficial effect of calcium in preventing decline of AA during storage is due to the regulation of oxidative processes in the cytosol (Hussain et al. 2011) . The effects of 1-MCP and CaCl 2 treatment on TSS may rely on fruit cultivars and storage conditions. Neither Jiang and Joyce (2002) and Perera et al. (2003) in fresh-cut apples nor Porat et al. (1999) in whole oranges found any significant effects of 1-MCP on TSS. However, TSS was higher in 1-MCP-treated pineapple (Selvarajah et al. 2001 ) and pear fruits or reduced in 1-MCP-treated strawberries regardless of the presence or absence of exogenous ethylene (Tian et al. 2000 ).
PG and PPO activity
As shown in Fig. 3 , PG activity of control jujube fruit increased sharply for the first 3 days during storage and reached a maximum value 4.6-fold higher than initial activity. Thereafter, it decreased sharply. 1-MCP and 1-MCP+CaCl 2 treatments greatly retarded PG activity increase in the first 12 days. The maximum PG levels of 1-MCP and 1-MCP+CaCl 2 treated fruit were observed on day 12, being 2.4-and 2.6-fold higher than initial levels (P< 0.05), respectively. PPO activity of control and CaCl 2 treated fruit increased within the early 9 days, and reached a high peak at day 9, and then decreased (Fig. 3) . PPO levels of 1-MCP and 1-MCP+CaCl 2 treatments were greatly reduced compared to control through the storage period (P<0.05). Maximum PPO levels of 1-MCP or 1-MCP+CaCl 2 treated fruit compared with control and CaCl 2 treated fruit was reduced about 24.4% and 28.7%, respectively.
The softening and senescence of fruit were due to damage of cellular membrane integrity and function, which was associated with PG and PPO. The present study showed that 1-MCP treatment significantly reduced PG activity. Polyphenoloxidases had been implicated in a number of physiological functions that may contribute to resistance including cross linking of extension monomers (Everdeen et al. 1988 ) and lignifications (Walter 1992 ) and they were also associated with deposition of phenolic compounds into plant cell walls during resistance interactions (Graham and Graham 1991) . PPO catalyzed the oxidation of monophenolic and odiphenolic compounds. Jennings et al. (1969) reported PPO as terminal oxidase in infected plant tissue and the fungi toxins might activate these enzymes. In current study, PPO activity was also suppressed in 1-MCP treated fruit. Therefore, 1-MCP-treated and 1-MCP+CaCl 2 -treated fruit exhibited an extension storage life and increased by 6 and 5 d compared to control and CaCl 2 -treated fruit, respectively.
Microbiological analysis
Time of storage significantly increased the mesophilic bacteria and yeast growth, in particular, in control jujube fruit (Table 2) . Results showed that other treatments, 1-MCP, CaCl 2 treatment or their combination played a positive role in reducing of the microbiological counts. No significant differences among treatments were found in mold growth. Similar effect of 1-MCP, CaCl 2 plus CA on fresh-cut strawberries fruit was reported (Aguayo et al. 2006) .
This study also showed that 1-MCP plus CaCl 2 treatment could significantly reduce microbial development of 'Lingwu Long' Jujube fruit compared to the control (Table 2 ). There were several reports indicating that the relevance between 1-MCP treatment and decay growth or microbial growth in fruit and vegetable. For cases in which ethylene-sensitive product was exposed to ethylene in mixed storage before processing or in packaged mixes, 1-MCP may be beneficial in controlling senescenceassociated decay and microbial growth (Toivonen 2008) . In other cases which microorganisms did not elicit a wound ethylene response and there was no exogenous ethylene source, 1-MCP application may have no effect on their growth on fruit and vegetables. The scatter of results in relation to 1-MCP application alone in various fruit and vegetables suggests that factors other than 1-MCP are responsible for determining microbial growth and decay of products. Total microbial growth was decreased by 1-MCP (1.0 μL L −1 for 24 h) in 'Empire' apples (Rupasinghe et al. 2005 ). In strawberries 1-MCP concentrations greater than 15 nL L −1 were associated with increased decay of fruit (Ku and Wills 1999) . Exposure of whole strawberries to 0.01, 0.1 or 1.0 μL L −1 1-MCP slightly increased the rate of rot development (Bower et al. 2003 ). There are also many studies published in the literatures on effect of different levels (0.5, 0.5-1.5, 2.0%, w/v) of CaCl 2 treatment on yeast and mold count in 'Red delicious' apple fruits after different days of storage (Hussain et al. 2011) .
Conclusions
In the present study, the combination of 1-MCP and CaCl 2 treatment extended storage life of 'Lingwu Long' jujube fruit at room temperature storage by inhibiting of ethylene production and reducing PG and PPO activities. It significantly reduced microbial growth and maintained higher concentrations of titratable acid and ascorbic acid. From this study, it is obvious that the treatment of 'Lingwu Long' jujube fruit with 1-MCP, CaCl 2 or their combination improved greatly its storage life extension and quality maintenance and can be commercially used as a postharvest technology.
